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EXAMINER'S ANSWER 



This is in response to the appeal brief filed 5/15/07 appealing from the Office action 
mailed 6/30/06. 



(1) Real Party in Interest 
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A statement identifying by name the real party in interest is contained in the brief. 

(2) Related Appeals and Interferences 

The case as been previously appealed on 4/17/03 with a subsequent Examiner's 
Answer. Appellant filed on RCE 6/28/05 prior to any Decision by the Board. The 
examiner is not aware of any other related appeals, interferences, or judicial 
proceedings which will directly affect or be directly affected by or have a bearing on the 
Board's decision in the pending appeal. 

(3) Status of Claims 

The statement of the status of claims contained in the brief is correct. 

(4) Status of Amendments After Final 

The appellant's statement of the status of amendments after final rejection 
contained in the brief is correct. 

(5) Summary of Claimed Subject Matter 

The summary of claimed subject matter contained in the brief is correct. 

(6) Grounds of Rejection to be Reviewed on Appeal 

The appellant's statement of the grounds of rejection to be reviewed on appeal is 
correct. 

(7) Claims Appendix 

The copy of the appealed claims contained in the Appendix to the brief is correct. 

(8) Evidence Relied Upon 

4,722,815 Shibanai 2-1988 

4,762,493 Anderson 8-1998 
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4,293,602 Coffey et al. 10-1961 

(9) Grounds of Rejection 

The following ground(s) of rejection are applicable to the appealed claims: 

Claims 1-3, 5, 7, 8, 10-27, 29 and 31 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over what is old and well known in bowling balls in view of Shibanai and Coffey. 

As to claims 1-3, 5, 7, 10-19, 20-27, 29 and 31, bowling balls of nonporous polymeric two-part 
thermosetting resin is old and well known. This is admitted old at the bottom of pg. 2 of Appellant's 
specification. Lacking in bowling balls is the use of a fragrance. However, perfumed additives and 
perfumed polymers intended for the purpose of making plastic articles with a fragrance are also well 
known. Shibanai teaches compounds to be included in synthetic resin products in order to enhance their 
smell. He clearly teaches the use of epoxy (col. 7, In. 56) which is known in the art to be available as a 
one-part or two-part resin. While there is no direct teaching of using his compound in a bowling ball, it 
has been held that, in evaluating a reference, it is proper to take into account not only the specific 
teaching of the reference(s) but also the inferences which one skilled in the art would reasonably be 
expected to draw therefrom. In re Preda, 401 F.2d 825, 826, 159 USPQ 342,344 (CCPA 1968). 
Additionally, one must observe that an artisan must be presumed to know something about the art apart 
from what the references disclose (see In re Jacoby, 309 F.2d, 513,516, 135 USPQ 317, 319 (CCPA 
1962). In line with this, one skilled in the art would clearly have found it obvious to have applied perfumed 
compounds, such as Shibanai's in order to make a bowling ball smell better. Where the claims call for a 
two-part resin and the fragrance being dissolved therein, Shibanai directly teaches (col. 7, In. 56) that 
smell can be added to "epoxy resin coatings". Epoxy resin is a known "two part" resin. See evidence in 
the copy of Handbook of Reinforced Plastics, "Epoxy Resins", pg. 71, col. 1, In. 20, appended to this 
Answer, where is shows that "cure may be established using materials classed as hardeners or curing 
agents". Shibanai also teaches that "it is also possible to mix perfume... with a synthetic resin compound 
followed by molding" (col. 1 , In. 26) but that this "direct addition of perfume.. .to synthetic resin compound 
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is not as effective as it seems" (col. 1, 35). Hence Shibanai goes on to teach an improved more effective 
method of adding fragrance to a product that includes forming an inclusion compound consisting of 
perfume included in cyclodextrin. While Shibanai does not detail the old and known methods of "mixing 
perfume" and "direct addition of perfume" that is at least partially dissolved within the resin, such are 
considered old when one further considers Coffey et al. as an example. Coffey teaches that it is an old 
expedient and would have been obvious to mix fragrances to two part resins in the forming of a 
fragrances polymer product. Edwards and Wilbert, are further examples of direct mixing of fragrances 
with a polyurethane prior to molding. The art is replete with the successful addition of fragrance to two 
part polymer products. The motivation is simply to "impart to other polymeric products pleasant odors" 
(Wilbert, co1.1, In. 57). The amount of fragrance as called for in claim 8 is considered and obvious matter 
of choice depending upon how strong of a smell is desired. The examiner's position is in line and fully 
supported by the findings of the Courts in the recent decision to KSR Int'l Co. v. Teleflex, Inc., No 
04-1350 (U.S. APR. 30, 2007). 

Claims 9, 32 and 33 are rejected under 35 U.S.C. 103(a) as being unpatentable over bowling 
balls in view of Shibanai and further in view of Anderson. 

Applying a pigment to polymer resin products to give them color is old and well known. Anderson 
teaches that it is old to apply a color that correlates to a fragrance in a product. To have done so with a 
bowling ball would have been obvious to one skilled in the art for the novelty. 

(10) Response to Argument 
(B) Rejection under 103 
(1)and (2) 

Appellant remarks pertaining to the "applicable law" and his interpretation of the references on 
pgs. 6-8 with no further response deemed necessary. 
(3) 
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Appellant's assessment of a "two-part resin" is not complete and in line with what is disclosed in 
his specification. Appellant is not entitled at this point to change the meaning by stating that two-part is 
intended to mean what is known in the polymer art in attempts to evade the applied art. ACTV, Inc. v. The 
Walt Disney Company, 346 F.3d 1082, 1092, 68 USPQ2d 1516, 1524 (Fed. Cir. 2003) sets forth that 
where there was no expressed definition given for the term in the specification, the term 
should be given its broadest reasonable interpretation consistent with the intrinsic 
record and take on the ordinary and customary meaning attributed to it by those of 
ordinary skill in the art. The question here is are those of ordinary skill in the art bowlers or polymer 
scientists? Here the broadest reasonable interpretation of "two-part" .is considered customary to one 
skilled in the art of bowling. Most broadly "two-part" would be given its ordinary meaning of a resin having 
two parts, a first part and a second part. This interpretation is commensurate with what appellant meant 
by two-part in his discussing of his invention in his specification where it conveys most broadly that any 
plastic made up of two components can be considered a "two-part resin". Specifically, the specification 
notes that "conventionally, bowling balls have been formed from machineable, thermosetting plastic 
materials." (pg. 2, [0002]) and at paragraph [0004] of pg. 2 discusses reactive polymers that require the 
presence of a catalyst for polymerization requiring only and A-side and a B-side (i.e. two parts). Nowhere 
in the specification does appellant consider or define polymers requiring a catalyst (such as the ones 
discussed in paragraph [0004]) to be defined as "two-part resins" that require "mixing" as alluded to in his 
Brief. From appellant's specification, he has defined a two-part resin to be broader than what is 
commonly referred to in the industry. From his specification, a "two-part resin is most broadly one having 
an "two parts", an A-side and a B-side. His definition of a "two-part resin" used for his invention fits what 
is commonly referred to in the plastics industry as a "one-part resin" because these resins are known to 
require a second part or curing agent in addition to their base component. (See pg. 2, col. 1, In. 8, of 
Three Bond Technical News, One-Part Epoxy Resin at 

http://www.threebond.co.jp/en/technical/technicalnews/pdf/tech19.pdf appended to this Answer). Since 
appellant's specification never compares and contrasts the differences between one and two part resin or 
specifically discloses that his invention is only drawn to a two-part resin that is conventionally used, his 
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later use of the term-two-part resin is any resin most broadly having two parts and A-side and a B-side, 

which encompasses both "one-part" and "two-part" resins known in the plastics art since they are known 

to use the same epoxy resins and a curing agent. Both require mixing and blending of the two 

components. The difference is that one-part resin can be considered to be a "premixed" compound and 

two-part resin must be mixed just before manufacture. (See http://www.adhesivestoolkit.com/Docu- 

Data/AdhesiveTypesOverview.xtp that states; 

"Two-part epoxy adhesives start to react under ambient conditions once the two components 
have been mixed together and are often termed room-temperature (RT) curing adhesives because of this. 
The reaction mechanism is still affected by temperature and as a rule of thumb the reaction rate 
approximately doubles for every 10°C rise in temperature i.e. an epoxy which takes 1 hour to cure at 
20°C, will cure in 15 minutes at 40°C. Conversely the cure time will double as the temperature drops by 
10°C. Complete cure times at ambient temperatures for two-part systems range from ~10mins to several 
days. 

Single-part epoxy adhesives are available in liquid, paste or film form. These adhesives require 
heat to cure. The resin and catalytic hardener are pre-mixed but curing does not occur because the 
catalyst is in an inactive form at room temperature. It only becomes reactive as the temperature is raised, 
usually in excess of 100°C. The higher the temperature, the faster the reaction becomes and hence 
shorter curing times of less than ten minutes can be obtained. Cure of the two-part adhesives can also be 
accelerated by heat." 



Appellant in response to the first office action and the applied art added the term "two-part" to his 
claims and attempts to use the "ordinary meaning" in the plastics art to distinguish from the teaching 
references. Here he is attempting to persuade the Board that the scope of his claims is to a "two-part 
resin" defined by its conventional meaning used in industry and not the "two-part" resin as he disclosed 
throughout his specification. As set forth above, appellant has defined in his specification that to be a 
"two part resin" it only need to have and A-side and a B-side which includes both "one-part" and "two-part" 
resins commonly known in the art. One skilled in that art here is an ordinary bowler. Clearly, he would 
not be versed in plastics and the science surrounding polymers. Reading appellants specification, he 
would not conclude that his invention was drawn to a "two-part resin" as is conventionally used in the art 
of polymers. Instead, conveyed to him from appellant's specification would be that any plastic having an 
two parts, an A-side and B-side is required. Hence, for the purposes of this rejection, the broadest 
interpretation is, that the prior art regardless of whether it teaches a one-part or two-part resin as 
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commonly referred to in the polymer art, it meets the limitation of the claims where the resin used is 
comprise of more than one component. 

Regardless of the interpretation of the scope afforded to the term two-part used in the instant 
claims, Shibanai is considered to most broadly disclose a "two-part" resin even in line with what one 
skilled in the art of polymers considers such to be. He discloses a "synthetic resin compound and 
glycitol(s)" (col. 17, In. 51). Appellant's conclusion on pg. 9, In. 12 of the Brief that "Shinbanai do not 
require mixing" is in error. At col. 3, In. 66, Sinbanai explicitly teaches "mixing with various synthetic resin 
materials...". Where he states that Shibanai is "limited to one-part thermoplastic resins..." he is 
misleading the Board. More aptly, he directly teaches (col. 7, In. 56) that smell can be added to "epoxy 
resin coatings". Epoxy resin is a known "two part" resin. See evidence in the copy of Handbook of 
Reinforced Plastics, "Epoxy Resins", pg. 71, col. 1, In. 20 where is shows that "cure may be established 
using materials classed as hardeners or curing agents". Appellant submitted NPL on 6/17/2003 to "Two- 
Part Sculpting Epoxies" further shows that epoxies are known to be two part polymers as called for by the 
claims. 

With respect to Coffey, he suggests fragrances most broadly to "synthetic resins" (col. 1, In. 11). 
He goes on to describe a preferred embodiment with "fluorocarbon resin" (coL 2, In. 60). From U.S. 
Patent 4,314,004 to Stoneberg we see that fluorocarbon resins are formed by a reaction with a second 
part (col. 2, Ins. 54-68) making them what can be considered a two-part resin. As such both Shinbanai 
and Coffey are not limited to only one part resins. Their disclosure is much broader and clearly suggest a 
two-part resin as called for by the claims. 

Lastly, using a one-part or two-part resin have known properties with known advantages and 
disadvantage to one skilled in the art of polymers and resins can be formulated to be either one-part or 
two- part depending upon the requirements of the products to be made. For example, polyurethane can 
be either a one-part or a two-part polymer. See appellants NPL to "One and Two-Part Resin Systems" of 
6/17/2003 for example. One skilled in the art would clearly expect a fragrance inclusion additive to work 
in both a one-part and a two-part resin, as understood in the polymer art, equally the same. This 
selection of a known material to take advantage of its known properties has been held obvious. 
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Obviousness of Claimed Invention Fairly taught. 

First, a bowling ball that comprises a mass with a "two-part" resin as well as a polyol is old as 
admitted by appellant respectively on the bottom of pg. 2 of his specification and pg. 10, In. 6 of his Brief. 
The base reference is applicant's own specification and what is admitted as old. The grounds for 
rejection recognizes that Shinbanai and Coffey do not teach the specific details of making a bowling ball. 
These teaching references are relied on for what they disclose about adding fragrance to products like a 
bowling ball made of two-part resins to make them smell better. The only thing missing from the prior art 
of bowling balls is the addition of fragrance to the resins used to make them. Both Shinbanai and Coffey 
fairly suggest adding fragrance to resins to impart smell to the product. Clearly one faced with the 
problem of wanting a bowling ball to smell more appealing would consider the teachings of these 
references. 

As to claim 20, skill has to be presumed on the part of a person practicing the invention of 
Shinbanai. Known' is that once the catalyst is added to polyol, there a "working time" for the resin is set 
when working with a two-part resin known in the polymer art. Mixing the fragrance into the polyol, the 
main fundamental ingredient thereof, prior to the catalyst does nothing more than what would be obvious 
to the skilled artisan. KSR Int'l Co. v. Teleflex, Inc., No 04-1350 (U.S. APR. 30, 2007). Further, it is clear 
that the fragrance could be added to the polyol after the addition of the catalyst. However, it would need 
to be done such that it could be uniformly mixed and molded before polymerization were to begin. Clearly 
appellant is claiming nothing more than the use of known techniques that are inherent in the prior art. 

As to claims 20 and 21-26, the removal of gas "trapped" in a polymer mixture is old and inherent 
in the art of plastics. Failure to do so results in an inferior final product made by the visibility of "bubbles" 
that art trapped after the product has fully cured. Surely applicant is not the inventor of removing trapped 
air or gas known throughout the plastics industry. See U.S. 6,525,125, col. 10, In. 55 which discloses a 
resin for production of bowling balls and removing of gas bubbles under a vacuum at col. 1 1 , In 63. On 
pg. 8, [0032] of his specification, appellant admits to the use of a vacuum, as well as "any known 
techniques". 
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With respect to claim 21, Shinbanai discloses mixing fragrance inclusion compounds (col. 2, In. 
45) "with a synthetic resin coating" (col. 3, In. 57) for "direct addition of perfume(s)...to a synthetic resin 
compound" (col 1, In. 35). He discloses "epoxy resin" (col. 7, In. 56) which is a broad category of known 
polyols. Polyol in the method of manufacturing of a bowling ball is old. This is admitted by appellant on 
his specification, paragraph [0004]. To further assist the Board in making its determination and to 
appropriately determine what is known in the art, the examiner has appended two websites that discuses 
the uses of polyol with respect to polyurethanes. Note http:llwww.kosa.comlpolvlspecprod.htm and 
http://polvol.svnair.com/Ab0ut%20Polvols.htm, copies of which are appended to this examiners answer. 
As to claim 21, Webster's New World Dictionary defines "dissolve" as "to merge with a liquid". Shinbanai 
clearly teaches a fragrance that is to be "merged" with a liquid polymer 

As set forth above, a catalyst is well known as being used with polyols to cause polymerization. 
The use of a catalyst as called for in claim 23 is not new to the art of plastics. 

The use of isocyantes as called for by claim 24 is old. The Boards attention is drawn to pg. 5 of 
copies the Handbook appended to this Answer. As mentioned previously in the Answer, they are mostly 
known for having a "foaming" affect on plastic compositions. 

Motivation to Combine 

As set forth in the final office action sufficient motivation to combine the teachings of Shinbanai 
and Coffey with bowling balls two-part polyurethane bowling balls, admittedly old and well known, in 
order to give them a better smell. Where both polyurethane bowling balls are known in the art and 
"fragrance inclusion compounds" for products made of a resin such as polyurethane, it is clear that 
appellant did not "invent" adding a fragrance to a bowling ball. Instead he took know materials such as a 
fragrance inclusion compound and applied it for its intended purpose of imparting smell to a final product. 

The controlling principles of the Law of Obviousness here resides in KSR Int'l Co. v. Teleflex, 
Inc., No 04-1350 (U.S. APR. 30, 2007) and not in whether there is an explicit teaching suggestion or 
motivation as implied by appellant. Here, in line with KSR, we have a clear cut situation before the Board 
where appellant's improvement is nothing "more than the predictable use of prior art elements according 
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to their established functions" and merely combined prior art elements according to known methods to 
yield predictable results. Clearly, fragrance inclusion products and methods that have been applied in the 
art to be known to work on other polymer resin products would be expected to work on a bowling ball 
made of similar polymers. The level of ordinary skill necessary to recognize the results is low. Here one 
can see of record no new or different function of the bowling ball of the instant invention and the results of 
adding fragrance to a polymer in a bowling ball give the predictable results of having the bowling ball 
smell according to the fragrance added. 

KSR further supports the examiner's position where appellant has merely used known techniques 
of adding fragrance to polymers used in articles made of plastic to improve to improve similar articles 
made of plastic, such as a bowling ball. The addition a fragrance inclusion, such as that taught by 
Shinbanai and Coffey, into a plastic product would have clearly been well within the skill of one of 
ordinary skill in the art of plastics. The results of making any plastic product that such a fragrance is 
applied to smell better is considered expected and predictable. Here we have the situation where 
appellant has done nothing more than applied known techniques of including a fragrance into a plastic 
resin product to yield a predictable outcome with only common tools of the trade. 

Here the rejection does not suggest to "modify the teachings of Shinbanai and Coffey" (Brief, pg. 
12, In. 3). The rejection suggests modifying known two-part polyurethane bowling balls, admitted old by 
appellant at the bottom of pg. 2 of his specification, using the products and techniques known in the art 
as suggested by Shinbanai and Coffey. One would clearly recognize that known techniques for 
imparting a fragrance in plastic products would yield the same results in other products made of similar 
polymer materials. 

In order to make a rejection tenable, there is no requirement that one skilled in the art would need 
to be aware of "any demand for scented bowling balls" (Brief, pg. 12, In. 15). Here the scenting of the 
bowling ball is nothing more than a novelty as is recognized in the art of adding a scent to other products. 
One wishing to add the same novelty of smell to a product such as a bowling ball would surely consider 
how this novelty was practiced in other articles made of similar polymers. 
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In the middle of pg. 13, appellant asserts that the fragrance added to the bowling ball yields 
unpredicatable results by increasing friction and the "hooking ability" of the ball. First, the hooking 
potential of a ball is controlled by the design features of the ball such as the shape, weight design and 
placement of core material and the type of coverstock used on the ball. There is no evidence that it is 
merely the addition of fragrance that would give the ball any better performance and that the 
performance may not be attributed to another feature of the ball. In the article of record provided with the 
affidavit of 6/28/05, Fragrances Add Some Zest to Bowling Balls, appellant appears to point to a quote by 
"Steve Kloempken, the company's technical director, says computer tests indicate that the aromatic 
chemicals give Storms balls a bit of extra hook". However, this statement is not substantiated by any 
evidence of record such as the computer test to which he refers. Here appellant has not shown where 
identical balls, with the exception of one without fragrance and another with, will perform any different. 
Lastly, upon review, nowhere in the specification does it mention an increased hooking potential. 

Secondary Considerations 

Appellant argues that "the commercial success of Storm's scented bowling balls may be 
attributed to the incorporation of the fragrance therein" (bottom pg. 14). The fact that the commercial 
success MAY only be attributed to the added fragrance is the reason that the secondary considerations 
have been unpersuasive. The declarations provided only contained conclusions without establishing a 
nexus between those conclusions with and any supporting evidence to the scope of the instant claims. In 
essence, they amount to an opinion that is considered of limited probative value with regard to rebutting a 
prima facie case. In re Grunwell, 609 F.2d 486, 203 USPQ 1055 (CCPA 1979); In re Buchner, 929 F.2d 
660, 18 USPQ2d 1331 (Fed. Cir. 1991). The burden is upon appellant to show a clear nexus between the 
commercial success and the claimed invention which has not been done. The Federal Circuit has 
acknowledged that applicant bears the burden of establishing nexus, stating: 

In the ex parte process of examining a patent application, however, the PTO 
lacks the means or resources to gather evidence which supports or refutes the 
applicant's assertion that the sales constitute commercial success. C.f. Ex parte 
Remark, 15USPQ2d 1498, 1503 ([BPAI] 1990) (evidentiary routine of shifting burdens in 
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civil proceedings inappropriate in ex parte prosecution proceedings because examiner 
has no available means for adducing evidence). Consequently, the PTO must rely upon 
the applicant to provide hard evidence of commercial success. In re Huang , 100 F.3d 
135, 139-40, 40 USPQ2d 1685, 1689 (Fed. Cir. 1996). See also GPAC, 57 F.3d at 
1580, 35 USPQ2d at 1121; In re Paulsen, 30 F.3d 1475, 1482, 31 USPQ2d 1671, 1676 
(Fed. Cir. 1994) 

The examiner has considered the Declaration of John Chrisman and has determined that the 
commercial success of the Storm bowling ball has not been shown to be linked to the claimed invention. 
First, the "scent" has been referred to as a "gimmick" which is in all likelihood linked to a heavy 
advertising and promotional budget. Nothing of record shows that the increased sales in 2001 for Storm 
was not linked to greater promotion or endorsements of its products or other products popular in its 
product line rather than to the scenting of the balls itself. Non-obviousness is not shown by a brilliant 
marketing strategy that includes press releases and recognition from the novelty of the ball. Second, the 
balls of Storm sell because they perform well. It is the overall design and performance of the ball that has 
resulted in its success and not the mere addition of a fragrance. Examiner is not convinced that top 
bowlers would buy the Storm ball merely because it smells good. It the top performance characteristics of 
the ball that is attributed to the success of the company and the sales of its balls. Moreover, the article in 
eMediaWire state that the balls of Storm were discounted with a "savings of over 30%". Clearly 
discounting sales can lead to the commercial success of a product. Lastly, it has further not been shown 
that Storm products are not being priced cheaper than the competition or with buying incentives that 
account for the percentages of growth in sales being claimed. 

Where appellant alleges a "great deal" of commercial success even though the balls have 
been sold for 10% more than comparable balls, he has not qualified what is considered to be a "great 
deal" and a "comparable balls". Note that he did not say that the ball sold for 10% more than for 
"identical" unscented balls. Clearly, colors, advertising, discounts, better performance, new endorsements 
and the like can easily account for an 10% increase in sales price. Likewise, appellant does not qualify to 
what "30% share of their market segment" pertains. Is this the market segment of identical unscented 
balls? Do they even offer identical unscented balls? Clearly, no nexus has been established and the 
evidence of secondary consideration is un persuasive. 
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(b) SHIN BANAL COFFEY AND ANDERSON 

Appellant argues that the rejected claims are allowable base on their dependency of the claims 
argued above. Examiner's position is set forth above and no further comment is deemed necessary. 

(11) Related Proceeding(s) Appendix 

No decision rendered by a court or the Board is identified by the examiner in the 
Related Appeals and Interferences section of this examiner's answer. 

For the above reasons, it is believed that the rejections should be sustained. 

Respectfully submitted, 

/William M. Pierce/ Primary Examiner 3711 

Conferees: 

/Marc Jimenez/ TQAS TC 3700 

/Gene Kim/ Supervisory Patent Examiner 371 1 
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One-Part Epoxy Resin 



Introduction 

In addition to two-part epoxy resin, one-part 
epoxy resin has a wide range of applications. 
However, it seems that the product has not readily 
been and accurately understood by many people. 

According to the survey conducted internally, 
one-part epoxy resin ranked high in both the 
"salable" and "difficult to sell" groups, giving a 
rather puzzling result. After all, though this is my 
own interpretation, sellers and buyers who have a 



certain degree of knowledge and understanding of 
one-part epoxy resins can select and use them, 
while those who consider it difficult to sell the 
resins may not understand the versatility and wide 
range of applications of epoxy resin. 

This issue of the newsletter describes one-part 
epoxy resin, which has various properties and a 
wide range of uses, in order to increase 
understanding of the resin. 
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1. Summary 

One-part epoxy resin has some commonalities 
with two-part epoxy resin. For example, they use 
the same epoxy resin, which is the fundamental 
ingredient thereof, and have employed very similar 
methods of improvement and development. In 
addition, the one-part technique is primarily 
dependent on the curing agents used. Therefore, the 
compounding techniques described in the present 
report should be understood as regarding general 
epoxy-resin compounds. Epoxy resin is 
characterized by the high degree of flexibility in its 
compounds due to its stability. Various compound 
techniques have been suggested and discussed for 
exploiting the flexibility and other good properties 
of the basic types of epoxy resin. This report 
describes the basic properties of the epoxy resin and 
the ingredients of the compounds and the roles 
thereof, and introduces the properties and uses of 
one-part epoxy resin. 

2. Demand for epoxy resin in various 
fields 

As shown in Table 1, there is demand for epoxy 
resin in a wide range of fields, including paints and 
electrical components. As a trend over the past 



decade, the focus of the demand has shifted from 
general paints to automobile paints, and then to 
electrical components. In particular over the past 
few years, there has been increasing demand for the 
resin as an encapsulating material of IC and LSI for 
electrical machinery such as FA and OA appliances. 

3. What is epoxy resin? 

The term "epoxy resin" is a generic name for 
compounds that have two or more oxirane rings 
(epoxy groups) in one molecule, and are cured 
three-dimensionally by a suitable curing agent. 
However, in most cases, the term refers to 
bisphenol-A diglycidyl ether (DGEBA), which is 
formed by the reaction between bisphenol A and 
epichlorohydrin, which currently commands a 75% 
share of the epoxy-resin market. Of the products of 
Three Bond, 50% to 60% of one-part epoxy resin 
and more than 90% of two-part epoxy resin are 
based on DGEBA or compounds containing 
DGEBA. Therefore, DGEBA is synonym for epoxy 
resin. 

The following section describes the structure and 
performance of epoxy resin, using DGEBA as a 
representative example. 



Table 1 . Delivery quantity of epoxy resin organized by use 
(year on year (%)) 87-01-26 



Uses 


Year 


54 


55 


56 


57 


58 


59 




Cans 


5,643 




4,973 


88 


6,378 


128 


5,836 


92 


7,234 


124 


8,258 


114 


Paints 


Automobiles 






6,458 


157 


7,808 


121 


9,595 


123 


10,514 


110 


11,534 


110 


Ships 


3,739 




4,929 


132 


7,533 


153 


7,496 


100 


6,888 


92 


7,572 


110 




General purposes 


11,191 




10,578 


95 


10,153 


96 


9,713 


96 


10,974 


113 


13,412 


122 




Total 


24,676 




26,938 


109 


31,872 


118 


32,640 


102 


35,610 


109 


40,776 


115 


Electrical 
components 


Laminates 


7,118 




7,364 


103 


9,982 


136 


10,362 


104 


14,142 


136 


20,864 


148 


Casting 


5,282 




5,367 


102 


4,574 


85 


3,658 


80 


4,079 


112 


5,266 


129 


Others 


2,231 




2,260 


101 


3,413 


151 


3,652 


107 


5,483 


150 


11,122 


203 




Total 


14,631 




14,991 


102 


17,969 


120 


17,672 


98 


23,704 


134 


37,252 


157 


Civil construction 


6,901 




6,558 


95 


7,411 


113 


8,002 


108 


9,446 


118 


9,469 


100 


Adhesives 


3,582 




3,659 


102 


3,832 


105 


3,609 


94 


3,731 


103 


3,882 


104 


Others 


6,404 




6,407 


100 


5,296 


83 


4,778 


90 


6,238 


131 


7,646 


123 


Domestic demand total 


56,194 




58,553 


104 


66,380 


113 


66,701 


100 


78,729 


118 


99,025 


126 


Export 


915 




902 


99 


568 


63 


866 


152 


1,330 


154 


1,729 


130 


Grand total 


57,109 




59,455 


104 


66,948 


113 


67,567 


101 


80,059 


118 


100,754 


126 
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Fig, 1. Structure and properties of epoxy resin 



The excellent properties of epoxy resin, such as 
durability and adhesiveness, depend largely on its 
structure. Fig. 1 shows the relationship 
schematically. 

1 ) The epoxy groups at both terminals of the 
molecule and the hydroxy 1 groups at the 
midpoint of the molecule are highly reactive, 
allowing room- temperature and 
high-temperature curing using suitable curing 
agents, and a wide range of modifications. In 
addition, the resin is cured by ring-opening 
polymerization, and as a result has a smaller 



degree of cure shrinkage than other 
thermosetting resins. 

2) The ether linkages included in the main chain 
improve the chemical-resistance and elasticity. 

3) The benzene rings in bisphenol A provide 
chemical-resistance, adhesiveness, durability, 
heat-resistance and excellent electrical 
properties. 

4) The coexistence of hydrophilic groups with 
hydrophobic groups in the molecule 
significantly increases the adhesion to various 
adherends. 
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4-6 


7-9 


10-12 


8,327 


101 


2,051 


93 


2,697 


116 


2,397 


127 


2,279 


119 


9,424 


113 


12,473 


108 


2,988 


101 


3,095 


91 


3,013 


100 


3,103 


100 


12,199 


98 


7,437 


98 


1,411 


73 


1,584 


78 


1,515 


85 


1,514 


88 


6,024 


81 


13,122 


98 


3,294 


104 


4,100 


121 


3,561 


113 


3,497 


103 


14,452 


110 


41,359 


101 


9,744 


95 


11,476 


103 


10,486 


107 


10,393 


103 


42,099 


102 


18,652 


89 


4,436 


100 


5,973 


133 


5,453 


110 


5,791 


121 


21,653 


116 


5,565 


106 


1,663 


121 


1,873 


136 


1,898 


139 


2,142 


148 


7,576 


136 


10,849 


98 


3,215 


102 


4,044 


144 


4,130 


193 


3,689 


135 


15,078 


139 


35,066 


94 


9,314 


104 


11,890 


137 


11,481 


136 


11,622 


130 


44,307 


126 


9,349 


99 


2,210 


92 


2,017 


96 


2,347 


96 


2,273 


95 


8,847 


95 


4,059 


105 


1,019 


105 


1,358 


138 


1,316 


133 


1,478 


133 


5,171 


127 


7,768 


102 


2,007 


95 


1,751 


97 


1,867 


101 


1,925 


97 


7,550 


97 


97,601 


99 


24,294 


98 


28,492 


115 


27,497 


117 


27,691 


113 


107,974 


111 


1,423 


82 


583 


139 


521 


180 


420 


111 


437 


130 


1,961 


138 


99,024 


98 


24,877 


99 


29,013 


116 


27,917 


117 


28,128 


113 


109,935 


111 



As described above, many properties are 
ascribable to the structure, but such properties are 
largely dependent on the curing agents that cause 
the curing reaction, resulting in wide selectivity of 
the epoxy resin. 

4. Compounding ingredients of 
epoxy-resin and roles thereof 

As shown in Table 2, regardless of whether it is 
one-part or two-part, epoxy resin is rarely used 
alone as an epoxy-resin material, but rather is used 
in the form of compounds containing various 



modifiers and diluents in order to impart the resin's 
desirable properties, such as strength, flowability, 
and heat-resistance. 

In addition to the agents described below, various 
agents can be mixed with epoxy resin. In such cases, 
epoxy resin causes remarkably less gelation and 
reaction inhibition than other reactive resins, which 
gives a significant advantage to the resin in the 
creation of compounds and allows anyone to make 
such compounds. 



Table 2. Compounding ingredients of epoxy-resin and roles thereof 



Constituents 


Ingredients 


Roles 


Resin content 


Epoxy resin 


However, there are many other 
types of epoxy resin having 
different properties. 


Curing agents 


Curing agents react with epoxy 
groups to form a 
three-dimensional network 

Qtriiptnrp hv rjrn^Qlinkinn 


Modifying 
ingredients 


Elasticity agents 


Elasticity agents elasticate 
compounds to improve their 
peeling strength and extensibility, 
e.g., elasticizers and epoxy 
modifying resins. 


Shock-resistant 
agents 


Shock-resistant agents eliminate 
brittleness from epoxy resin to 
prevent cracks and decrease 
distortion. 


Fillers 


Fillers increase the weight in 
order to decrease costs and 
improving various types of 
mechanical strength, e.g., 
calcium carbonate and talc. 


Heat-resistant 
agents 


Heat-resistant agents increase 
the heat-resistance and 
heat-deformation temperature 
through the use of multi-sensual 
types of epoxy resins such as 
novolac epoxy resin. 


Diluents 


Diluents reduce viscosity and 
improve flowability and 
permeability. Reactive diluents 
having epoxy groups and 
nonreactive diluents having no 
epoxy group are available. 


Thixotropic agents 


Thixotropic agents impart 
thixotropy to compounds in order 
to control flowability and increase 
viscosity. 


Other agents 


Pigments, coupling agents, 
defoaming agents, leveling 
agents, etc. 



4-1 . Major types of epoxy resin 

Bisphenol-A type (DGEBA); Commonly used 
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Bisphenol-F type; Characterized by having low viscosity 
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Bisphenol-A D type; Having intermediate characteristics between those of the DGEBA and bisphenol-F types 
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Most epoxy resins are composed on the basis of 
the above three types of resin. There are many other 
types of epoxy resins; however, most are not 
adaptable to a wide variety of applications, and 
rather are intended for special purposes such as 
modifications and improvements to heat-resistance 
and elasticity. 

4-2. Various curing agents 

Like epoxy resin, there are various types of 
curing agents for epoxy resin. In fact, there are so 
many types that they cannot be covered in this 
report; therefore, only the latent curing agent for 
one-part epoxy resin is described in this section. 

The types of latent curing agents are classified as 
shown in Table 3. Including our products, those that 
are commercially available are primarily of the 
thermosetting type. Most thermosetting curing 
agents are of the dissolution-reactive type. 



Table 3. Classification of latent curing agents 



Activation means 


Phenomena 


Curing agents 


Heat activation 


Ionic reaction 
Dissolution 

Decomposition 
Elution 

Microcapsules 


Lewis-acid complexes 
(BF3-ME-A, etc.) 
Dicyandiamide 

Modified imidazole, organic acids 
Hydrazides, DCMU 
Amine-imide compounds 
Molecular sieves 


Light (UV) 


Decomposition 


Aromatic diazonium salts, diallyl 
iodonium salts, triaryl sulfonium 
salts 


Moisture 


Decomposition 
Elution 


Ketoimine 
Molecular sieves 


Pressure 


Microcapsules 





Using dicyandiamide as a representative example, 
the following section describes the characteristics 



and properties of thermal-dissolution reactive 
curing agents. 

<Dicyandiamide and derivatives thereof> 
Dicyandiamides are crystals with a high melting 
point of 207°C to 210°C. When dispersed in epoxy 
resin in the form of fine powder, they will have a 
pot life of 6 to 12 months, and will remain stable for 
a greater length of time than imidazole. Four to ten 
parts of them are added to DGEBA. 

Dicyandiamides require heating at 160°C to 
1 80°C for one hour to several hours for curing, and 
generate a large quantity of heat upon curing. They 
tend to sediment due to their high specific gravity, 
and thus are not suitable for casting. They are used 
for coating, adhesion, and lamination. 

In many cases, to decrease the curing temperature, 
which is a weakness of dicyandiamides, an 
accelerating agent is added, as shown in the 
following example of compound, in order to 
accelerate curing at a lower temperature. New 
accelerating agents have actively been developed. 

<Example of compound> 

DGEBA 100 •HzN-C-NH-CN 

DICY (dicyandiamide*) 8 il 

Dimethyl urea 3 N H 

<Properties of the compound> 

Curing conditions 120 °C * 30 minutes 

Shearing strength 1 50 kgf/cm 2 

Glass transition point 125 °C 

The compound has found a wide range of 
applications: as an adhesive in electric and 
electronic applications, as an encapsulating material 
for terminals due to the fact that it does not cause 
metal corrosion, as a structural adhesive due to its 



strong adhesiveness, and for pre-preg and powder 
coating due to its low cost. 

4-3. Elasticity and shock- resistant agents 

Despite its high strength, (cured) epoxy resin has 
the problem of brittleness due to its poor elasticity. 
One-part epoxy resin, when it has not been 
particularly elasticated, has shearing adhesive 
strength of 1 50 to 200 kg f/cm 2 , which is relatively 
high for an adhesive; however, it has peeling 
adhesive strength of 0.5 to 1 kgf/25 mm width in a 
T-peel test, which is equivalent to that of instant 
adhesives. This is due to the fact that the cured resin 
is relatively low in extensibility. If this insufficiency 
is redressed by a elasticity agent, the resin may have 
shearing adhesive strength of 250 kgf/cm 2 or higher, 
and peeling adhesive force of 20 kgf/25 mm width 
in a T-peel test. 

The elasticated agents are described below. 

The purposes of adding elasticated agents include 
the following: 1) improvements in mechanical 
strength, 2) prevention of cracks due to thermal 
distortion, and reduction of distortion, and 3) 
improvements in adhesiveness, particularly 



improvements in peel strength by imparting 
elasticity to disperse stresses. 

The method of compounding elasticated agent is 
as follows: an elastic structure is introduced to the 
main chain polymer, side chain or terminal of a 
bisphenol type resin (see Fig. 2). However, the 
introduction of polymers having a rubber structure 
or a straight chain inevitably causes a significant 
increase in the viscosity of the material and 
deterioration of the properties of the material, such 
as heat-resistance, due to the decrease in the 
crosslinking density. 

To avoid such deteriorations in properties, a 
special elasticated agent, carboxyl-terminal 
butadiene-acrylonitrile copolymer liquid rubber 
(CTBN), may be added. CTBN has mutual 
solubility with epoxy resin, but does not have it 
with cured epoxy resin and therein forms a 
dispersed rubber particle phase, and serves as a 
cushioning material to prevent cracks (see Fig. 3). 
This elasticated agent is said to provide elasticity 
without deteriorations in properties, due to the fact 
that it does not remain in the epoxy-resin layer. 
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Fig. 2. Schematic structure of modified resins 
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Fig. 3. Effect of CTBN 



4-4. Heat-resistance improvers 

The heat- resistance of compounds depends 
primarily on the epoxy resin contained therein. In 
one-part epoxy resin, the usable curing agents are 
limited, and thus the heat-resistance depends 
primarily on the type of selected epoxy resin . 



It can be generally concluded that improvements 
in crosslinking density contribute to improvements 
in heat-resistance, and thus resins with a short 
distance between epoxy groups, or multifunctional 
types of epoxy resin are commonly used. 

Representative examples are given below. 



Novolac epoxy resin 




Glycidyl amine resin 
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Glycidyl ether resin 

CHsCH-CHa-O 0 CH 2 CHCH* 



CH2CH CH2-0- (O) — \0) ~0 -CH» -CHCHa 
TGBP 

Fig. 4. Representative heat-resistance agents 



4-5. Fillers 

Fillers tend to be regarded merely as bulking 
agents, but their roles cannot be neglected due to 
the fact that increasingly rigorous properties are 
required of epoxy resin. It is therefore necessary to 
select and add appropriate fillers. 

The effects of fillers include the following: 



1) Improvements in mechanical strength 

2) Reduction in thermal distortion and dimensional 
change 

3) Improvements in electrical properties, 
particularly insulating and dielectric properties 

4) Cost reduction due to the increase in weight 

5) Improvements in fire retardancy 



6) Improvements in heat conductivity 

4-6. Diluents 

As previously mentioned, when various materials 
are added to epoxy resin in order to improve its 
properties, the viscosity of the composition 
correspondingly increases. Bisphenol-A-type epoxy 
resin itself does not have low viscosity, and thus it 
inevitably requires adjustment (reduction) of its 
viscosity. For this purpose, diluents are used. 

The influence of diluents on performance must be 
minimized, and thus the preferably used fillers are 
those that can have a significant effect with as small 
amounts as possible. One-part epoxy resin requires 
diluents having a low vapor pressure, as it 
undergoes a heating process. 

Diluents fall into two types: reactive ones having 
epoxy groups and unreactive ones having no epoxy 
group. Most one-part epoxy resins are used reactive 
diluents, as unreactive diluents serve as a elasticizer 
in the cured resin. Fig. 5 shows the major diluents. 
Their handling requires caution, as they have a low 
molecular weight and readily permeate through the 
skin to cause irritation. 



4-7. Thixotropic agents 

Thixotropy is a property of liquids containing 
flocculating components. Flocculating components 
are destroyed by repeated stirring and the liquids 
show flowability; however, once stirring is stopped, 
the components reflocculate and the liquids return 
to the nonflowable state. 

This property is required in applications in which 
sagging causes a problem, such as the thick coating 
of paints and the adhesive sealing of gaps. 
Commonly used effective thixotropic agents include 
silica fine powder (Aerosil), and colloidal hydrated 
aluminum silicate/organic complex (Orben). 

However, the effect varies among thixotropic 
agents. Some exert their effect in heating, and 
others disappear in heating, become ineffective 
when cured, or deteriorate over time. Their 
selection is difficult even for experts. 

5. Major functions and uses of one-part 
epoxy resins 

Table 4 lists the major properties and uses of 
one-part epoxy resin, and Photograph 1 shows 
examples of the usage of one-part epoxy resin. 
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Fig. 5 Representative reactive diluents 



Table 4. Major properties and uses of one-part epoxy resin 



Properties 


Uses 


Characteristics 


Pmriiir+ namp fTR" i« an 

1 1 IJuUUl 1 ICM 1 IO [ ID la dM 

abbreviation for Three Bond.) 


Heat- 

• cot old i 


(1 ) Impregnating fixation of armature 
coils 

(2) Heat-resistant adhesion 

(3) Adhesion of motor magnets 


Moderate impregnation properties and strength 

vA/ith hpatinn at 1fin °f > nr hinhpr 
wiui iiealiiiy a l idu is ui niyiiei 

Resistance to continuous heating at 220 °C 

Glass transition temperature of 170 °C, strength 
with heating 

200 °C, 50 kgf/cm 2 p peeling strength of 14 kgf/25 
mm width 

Moderate flowability, strength with heating at 
150°C or higher 


TB2068K, TB2068H 
TB2064C 

TB2068M 


Dimensional 
stability 


(1) Encapsulation of heads and 
electrical components 


Low coefficient of thermal expansion, high 
moisture-resistance, high purity, resistance to 
P.C.T. (pressure cooker test) 


TB2071B 


Thixotropy 


(1) Antisagging, temporal adhesion of 
chips, fixation of coil terminals 

(2) Terminal seal for prevention of 
penetration 

(3) Joint sealants 


High thixotropy, screen printability 

Fast curing at 150 °C, curing in one to two 

minutes 

Moderate flowability, curing at a low temperature 
of 80 °Cto 100 °C 

High thixotropy, high viscosity 


TB2065, TB2065M 

TB2062B, TB2062D 
TB2065, TB2062K 


Fast curing 


(1 ) Adhesion of syringe needles 

(2) Coating of stepping motors 


Moderate permeability, white cured substance, 
curing at 150 °C in one to three minutes 

Curing at 150 °C in one to three minutes, 
machinability 


TB2062D, TB2065L 
TB2065, TB2065C 


Machinability 


(1) Joint sealants for bus bodies 


High shock adhesive force, slump property, and 
machinability 


TB2063C 


Impregnation 


(1) Low-viscosity impregnating 
adhesion, impregnation of cut cores 

(2) Potting agent for small coils 


Low viscosity, long shelf life 
Low viscosity, low shrinkage ratio 


TB2076, TB2076C 
TB2071C 


Elasticity 


(1) Thermal shock, adhesion of motor 
magnets 

(2) Terminal seal for halogen-lamp 

(3) Adhesion of headlights (iron/glass) 


Absorption of the thermal distortion of 

magnets/yokes, prevention of cracks in 

vibration-absorbing magnets 

Thermal shock, conformity to terminal bending, 

adhesion to engineering plastics 

Rubber elasticity 


TB2064, TB2064B 
TB2064 

TB2067E, TB2067F 
TB2067D 


Structural 
adhesion 


(1) Adhesion of automobile hemming 

(2) Adhesion of joints in chainsaw fuel 
tanks 


High adhesive strength, peeling adhesive force 
High adhesive strength, peeling adhesive force 


TB2068G 
TB2063, TB2063D 


Filling 
adhesion 


(1) Potting of inhibitor switches 

(2) Adhesion sealing of plastic cases 

(3) Encapsulation of printer heads 


Moderate flowability, heat-resistance, 
weather-resistance 

Moderate permeability, soldering heat-resistance 
Moisture-resistance, flowability, low-temperature 
fast-curing property 


TB2068M, TB2068P 
TB2068I, TB2063J 
TB2062C, TB2062J 
TB2065E, TB2065F 



□ 



Photograph 1 Examples of the usage of one-part epoxy resin 



Conclusion 

Three Bond has been selling one-part epoxy resin 
for more than ten years. In that time, we have 
developed various grades of products, such as a 
simple compounds composed of a bisphenol-A-type 
epoxy resin, dicyandiamide, and a filler, and those 
containing a low-temperature active curing agent 
for curing at 80 °C, as well as those comprising a 
heat-resistant resin to achieve high heat-resistance 
and those allowing a peeling adhesive force of 10 
kg/25 mm width or more through rubber 
modification. The performance of these products 
has been proven. 



Thanks to an increase in the demand for one-part 
epoxy resin and the development of various 
functional materials as a result of the efforts of 
material manufacturers, we have successfully 
developed proven products. We will continue to 
work to expand the possibilities of one-part epoxy 
resins. 



Yukimasa Osumi 

Adhesive laboratory 
R&D Laboratory 
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Terate® Polyols 
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Aromatic Polyols From the Complete Polyester Resource 



^ B ^ mems ^mr: In ftammability tests, PIR and PUR foams containing Terate 

polyols result in excellent char formation with minimal shrinkage 
and high weight retention.* In many formulations, the unique aromatic backbone of Terate 
polyols reduces or eliminates the need for expensive flame retardants. 

* As demonstrated in ASTM E-84 and Factory Mutual calorimeter testing with HCFC 141b, pentane, 
and partially water-blown foams. 



A Leader in the Industry 

New product development, experienced technical service and computerized process control 
make KoSa's Terate polyols an industry leader. Market demands, such as blowing agent 
replacement and increased polyester polyol ratios, create challenges for foam formulators. 
KoSa's Terate professionals work proactively with customers and co-suppliers to develop 
optimal Terate-based PUR and PIR formulations. 

As the world's largest producer of dimethyl terephthalate (DMT) - the raw material source 
for Terate Polyols - we can ensure that our customers receive an uninterrupted supply of 
consistent, high-quality products. 




IS* 



KoSa offers a diverse line of Terate® aromatic polyester polyols 
for use in polyurethanes. Our polyols are available in a wide 
variety of equivalent weights and properties to allow for 
formulation flexibility. Processes using Terate polyols achieve 
the rigorous physical and flammability properties required in 
many rigid polyurethane (PUR) and polyisocyanurate (PIR) 
foams. The high aromaticity of Terate polyols, along with their 
low cost, makes them extremely desirable for many applications. 
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Our Growth 
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Our Terate polyols were first produced in 1974 by Hercules at its 
Wilmington, NC, USA, site. Since 1989 when the current Terate 
team was formed, production has increased eight-fold and 
continues to increase at our newest production facility in 
Vlissingen, Netherlands. 

Although our name has changed over the years - from Hercules 
to Cape Industries to Hoechst Celanese, and now to KoSa - our 
commitment to polyester and new applications for Terate polyols 
has remained constant. With continued enhancements of our products, KoSa provides the 
best polyester polyols for many applications in the urethane industry. 

back to top 




Product Advantages 

KoSa Terate polyols are ultimately designed to give our customers greater flexibility and 
control with their products. Additionally, our experience and capabilities provide customers 
with: 

■ Industry-leading technical service in formulation and production 

■ Reliable supply of internal raw material, available 

■ Computerized quality process control 

■ Excellent flame-resistance results 

■ Multi-property product line 

■ Consistent quality products 

■ Blowing agent compatibility 

■ Cost advantage over potyethers 

■ High aromatic content 

■ Good flow properties 

■ Uniform reactivity 

back to top 



Standard Product Information 




Terate polyols are available in the following basic series 
featuring a variety of options in color, viscosity, acidity, 
processability, hydroxyl value and functionality. This list includes 
typical property ranges for each series. Please refer to data 
sheets available from your KoSa representative for actual 
product specifications and applications. 
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Value Range 



Product Hydroxyl Average Specific 

Series Value Viscosity Acidity Equivalent Gravity 

(mgKOH/g) (cps@25°C) Functionality (mgKOH/g) Weight (g/ml) 



Terate 280 - 335 3,000 - 22,000 2.3 0.5 - 4 0 181 1.2 

2000 

The original Terate polyol with high functionality use in bunstock, panel, 
pour-in-place. spray and foundry systems. Available in lower acid numbers. 



Terate 225- 275 2,700 - 7,700 2.0 0.4 - 2.0 238 1.2 

2500 

A polyol series with excellent flammability in polyisocyanurate foams with minimal 
shrinkage and high weight retention. In many formulations, the unique aromatic 
backbone reduces or eliminates expensive flame retardants. Used in laminate, 
panel, pour-in-place and spray systems. 



Terate 230 - 255 2750 - 7 t 500 2.0 0.6 - 1 .2 230 1 2 

3000* 

A series of polyols developed for hydrocarbon blown foam applications with 
improved characteristics over the 2500 series. 



Terate 295 - 350 1.500 - 6.000 2.0 - 2.2 0.2 - 1.5 175 1 2 

4000* 

An amber polyol series used in appliance systems and for other low viscosity 
requirements. Similar to our 2000 serires, but with reduced viscosity. 



Phenrez®* 50 - 100 700 - 10,000 - 2.0- 10 - 1.13 

A dark, high-polar, liquid aromatic polyester resin used in foundries producing furan 
no-bake (FNB) resin systems. 



SEE MATERIAL SAFETY DATA SHEET FOR SAFETY INFORMATION. Because we cannot 
anticipate or control the many different conditions under which this information and our products may 
be used, we do not guarantee the applicability or the accuracy of this information or the suitability of 
our products in any given situation. Users of our^products should conduct their own tests to 
determine the suitability of each such product for their particular purposes. The products discussed 
are sold without warranty, either expressed or implied, and the buyer assumes all responsibility for 
loss or damage arising from the handling and use of our products. Additionally, statements 
concerning the possible use of our products are not intended as recommendations to use our 
products in the infringement of any patent. 

*Please check with a KoSa representative about availability in your area. 
back to top 



Guidelines for Storage and Handling 

Terate polyols can be stored and handled in tanks made of 
carbon steel.stainless steel, fiberglass or other conventional 
construction materials. Storage temperatures should be kept 
below 60°C (140°F) to maintain product integrity. Storage 
vessels and process tanks also should be protected with dry air 
[minimum 4.4°C (-40°F bulb)] or nitrogen to prevent uptake of 
atmospheric moisture. Please see the MSDS for specific details 
on handling individual products. 
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Availability arid Reliability 

terate polyols are shipped worldwide in lined, closed-head drums, tank trucks, and tank 
cars from KoSa's US and European facilities. Samples are available upon request. Our 
Terate polyol team will be glad to arrange a delivery system to best meet your needs. 

Terate® and Phenrez® are registered trademarks of KoSa. 
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Customer Service, Sales, and Technical Information 
Inside the United States, dial toll-free 1-800-562-0172 
Outside the United States, dial: 

North America, South America and Asia 

Customer Service 1-910-341-5947 

Fax 1-910-341-5951 

Europe, Africa and Middle East 

Customer Service 49(0)-69-305-14789 

Fax 49(0)-69-305-16315 

back to top 
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CORPORATION 



About Polvols 

Polyurethanes are based the exothermic reaction of polyisocyanates and polyol 
molecules. Many different kinds of polyurethane materials are produced from a 
few types of isocyanates and a range of polyols with different functionality and 
molecular weights. Some of the diversity of functionality depends on whether the 
polyols are based on polyether or polyesters. Condensation based polyols are used 
primarily in the construction and building industries for efficient insulation in 
roofs, wall cavities, and flooring. Polyether polyols are used in a wide range of 
rigid and flexible polyurethane applications, including energy saving refrigeration 
insulation, industrial sealants, cushion foam, and construction and building 
materials. 



Syrafr Corporation 
Post Office Box 5269 
2003Amnicota Highway 
Chattanooga, TN 37406 
USA 

(423) 687-0400 main 
[4231 6874443 fax 



Polyether polyols contain the repeating ether linkage -R-O-R- and have two or 
more hydroxyl groups as terminal functional groups. They are manufactured 
commercially by the catalyzed addition of epoxies (cyclic ethers) to an initiator. 
The most important of the cyclic ethers by far are propylene oxide and ethylene 
oxide, with smaller quantities of butylenes oxide also being consumed. These 
oxides react with active hydrogen-containing compounds (called initiators), such 
as water, glycols, polyols and amines; thus, a wide variety of compositions of 
varying structures, chain lengths and molecular weights is theoretically possible. 
By selecting the proper oxide (or oxides), initiator, and reaction conditions and 
catalysts, it is possible to synthesize a series of polyether polyols that range from 
low-molecular-weight polyglycols to high-molecular-weight resins. Most 
polyether polyols are produced for polyurethane applications; however, other end 
uses range from synthetic lubricants and functional fluids to surface-active agents. 

Since these polymers contain repeating alkylene oxide units, they are often 
referred to as polyalkylene glycols or polyglycols. The terms polyglycol and 
polyether polyol are used interchangeably; however, the term polyalkylene glycol 
is used when these types of products are used in nonpolyurethane applications. 
The physical properties of the polyols are influenced primarily by the functionality 
of the initiator molecules and by the type and quantity of alkylene oxide and 
hydroxyl groups present in the polyol. In general, the functionality of the polyether 
is carried over from the functionality of the initiator used. 

Two types of urethane polyols are prepared from propylene oxide. The first type 
results from the reaction of propylene oxide with compounds having an active 
hydrogen (usually donated by a hydroxyl or amine group); these polymers are 
typically atactic. Polymers of the second type are essentially those of propylene 
oxide itself and are commonly called polypropylene oxide or polypropylene 
glycol; they are in most cases isotactic. Mixtures of atactic and isotactic polymers 
may also occur. 

The following table lists most of the major commercially available polyether 
polyol types used in urethane manufacture, plus the initiators and cyclic ethers 
(oxides) used in their preparation: 

Selected Commercial Polyether Polyols and Reactants 
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Product 


initiator 


Cyclic Ether 


Difunctional 

9 Polypropylene Glycol (PPG) 

9 Polyethylene Glycol (PEG) 

9 Polyoxypropylene-Polyoxy-ethylene 

Block Copolymer 
Mp roiyxeirameuiyiene inner vjjycoi 

(PTMEG) 
9 Aromatic Diol 
9 Amine Adducts 


9 Water or propylene 

glycol 
9 Water of ethylene 

glycol 
Si Water, propylene 

glycol or glycerin * 
9 Water 

9 Bisphenol A 
9 Primary 

monoamines ** 


9 Propylene oxide 
9 Ethylene oxide 
9 Propylene oxide 

arid ethylene 

oxide 

9 Tetrahydrofuran 

9 Propylene oxide 

or ethylene 

oxide 
9 Propylene oxide 

or ethylene 

oxide 


frifunctional 

9 Glycerin Adduct 

9 Trimethylolpropane Adduct 

wm 1 nmethyloletnane Adduct 


Si Glycerin 

9 Trimethylolpropane 

9 Trimethylolethane 


9 Propylene oxide 
9 Propylene oxide 
9 Propylene oxide 


Tetrafunctional 
b| rentaerytnntoi Adduct 
9 Ethylenediamine Adduct 
9 Phenolic Resin Adduct 
9 Methyl Glucoside Adduct 


9 Pentaerythritol 
9 Ethylenediamine 
9 Phenolic resin 
9 Methyl Glucoside 


9 Propylene oxide 
9 Propylene oxide 
9 Propylene oxide 
9 Propylene oxide 


Pentafunctional 

9 Diethylenetriamine Adduct 


9 Diethylenetriamine 


9 Propylene oxide 


Hexafu actional 


9 Sorbitol 


9 Propylene oxide 
or ethylene 
oxide 


9 Sorbitol Adducts 


Octafunctional 


9 Sucrose 


9 Propylene oxide 


9 Sucrose Adducts 



* Other compounds, including trimethylolpropane, trimethylolethane, pentaerythritol, 
ethylenediamine, sorbitol and sucrose, can also be used as initiators for block copolymers based on 
propylene oxide and ethylene oxide. 



** Primary monoamines include aniline, cyclohexylamine and others. The compositions made 
from these amines and oxides are principally surface- active agents. 

During the late 1980s, the polyurethane industry was faced with a major change in 
manufacturing practice to reduce foam blowing using chlorofluorocarbons 
(CFCs). The once widely used CFC-1 1 (CCbF) and, to a lesser extent, CFC-12 
(CCI2F2), have been replaced with other blowing agents such as 
hydrochlorofluorocarbons (HCFCs) or other nonfluorocarbon-based blowing 
agents that have lower ozone depletion potentials. For some time, scientific data 
have shown that these "hard" fluorocarbons (they do not decompose) are the cause 
of an increasing depletion of the ozone layer above the earth's atmosphere. 

The industry is working with two HCFCs: CI2FCH3, called HCFC-141b, and 
CHCI2CF3, called HCFC-123. These materials decompose, permitting the 
production of polyurethane foams with acceptable performance characteristics, but 
they are more expensive than the hard fluorocarbons they are designed to replace. 
Commercial quantities of some of the new HCFCs have been available since 1992. 

The industry has responded with the development of ne'w manufacturing methods, 
machinery and auxiliary blowing agents to replace conventional fluorocarbon 
blowing agents. Flexible foam is produced using a water-blown 
technology — where the foam is blown by carbon dioxide gas generated when 
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water in the formulation reacts with toluene diisocyanate. Methylene chloride, 
acetone or hydrocarbons are sometimes used to replace some of the fluorocarbon. 
Rigid foams now use formulations with HCFCs replacing CFC-1 1. 

MANUFACTURING PROCESSES 
POLYOLS BASED ON PROPYLENE OXIDE 

Polyether polyols based on propylene oxide (PO) are produced by the 
base-catalyzed reaction of propylene oxide with an initiator compound having 
active hydrogens (e.g., hydroxyl or amine groups). When small quantities of 
ethylene or other alkylene oxides are also present, block copolymers are produced. 

Potassium hydroxide is the basic catalyst most often employed. The initiator used 
depends on the type of polyurethane (i.e., flexible, rigid or nonfoam) to be 
produced from the polyhydric alcohol. This reaction is carried out by a 
discontinuous batch process at elevated temperatures and pressures and under an 
inert atmosphere (i.e., under a nitrogen blanket). After the desired degree of 
polymerization has been achieved, the catalyst is neutralized and removed by 
filtration. The polyol is subsequently purified and additives such as antioxidants 
are added. 

Simplified reaction equations for the major polyurethane polyether polyols are 
illustrated below. 

POLYPROPYLENE GLYCOL (PPG) 



CH 3 
HOCHCH 2 OH 



CH 3 
I 

+ n H 2 (>-^CH 
O 



cahfe ► HOCHCH2(OCH 2 CH) n OH 



propylene 
glycol 

molwt: 76.1 
POLYOL ADDUCTS 



propylene 
oxide 

58.1 



polypropylene glycol 
(PPG) 

400-4.000 



CH 2 OH 
I 

CHOH 
I 

CH 2 OH 



I 

nH 2 C— CH 

o 



base 
catalyst 



CHa 

I 

CHgOfCHjCHO^H 

ICH3 
I 

CHOfCHzCHOJyH 
I 

CHzOfCHjCHO^H 



glycerin 
molwt: 92.1 



propylene 
oxide 

58.1 



glycerin adduct 
(n = x + y + 2) 

400-5,000 
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The manufacture of other polyol adducts (pentaerythritol, trimethylolpropane, 
trimethylolethane, sucrose and sorbitol) is similar to the above process. The 
manufacture of corresponding amine adducts generally follows the same process. 

BLOCK COPOLYMERS 

Block copolymers are commercially available that are initiated with glycerin, 
trimethylolethane, trimethylolpropane, pentaerythritol, sorbitol, sucrose and 
several other compounds. They are based almost entirely on propylene oxide; 
however, the secondary hydroxyl groups are capped with ethylene oxide to yield 
terminal primary hydroxyl groups. Since primary hydroxyl groups are more 
reactive than secondary hydroxyl groups, these poiyols are more reactive with 
isocyanates. 

Block copolymers can be represented by the general formula shown below, where 
the initiator is a polyhydric alcohol (pentaerythritol initiator is shown below). 



Small quantities of mixed and alternating block copolymers are also produced. In 
these block copolymers the ethylene oxide is incorporated into the alkylene oxide 
chains. These products may also be end-capped with ethylene oxide. 

Tetrafiinctional block copolymers initiated with ethylenediamine are also 
commercially available. The amine is reacted with propylene oxide to yield the 
totally hydroxypropylated ethylenediamine, which is further reacted with 
propylene oxide and then with ethylene oxide to form the desired polyether polyol. 

Modified polyols Based on Propylene Oxide 
Polymer Polyols 

Polymer polyols are also referred to as graft polymer polyols, graft polyols, or 
copolymer polyols; all of these terms are used to describe products that are 
basically stable dispersions of vinyl polymers in polyols. Polymer polyols are 
produced by the in-situ polymerization of a vinyl monomer in a base polyol. 

The base polyol is typically a glycerin-initiated triol that has been end-capped with 
ethylene oxide (approximately 80-85% primary hydroxyl groups). Styrene and 
acrylonitrile are the vinyl monomers most often used. The styrene-acrylonitrile 
copolymers are chosen because in the preparation of graft polyols, 
acrylonitrile — due to its grafting tendency — provides a very important linkage 
between the vinyl polymer chain and the polyol chain. In addition to the graft 
copolymerates, the polymer polyol contains the homopolymers of styrene and 
acrylonitrile dispersed in unaltered polyether polyols. The styreneacrylonitrile 
solids content of the polyol ranges from 5% to 45%. The solids content of the 
polyol depends on the end-use market; those having a high solids content are used 



CHpfCH^CHOyCHsChbO^H 
CH 3 CH 3 
Hj[OC H 2 CH2 W OCHCH 2 )OC H 2 — C — CH 2 0(Chy:HO) x (CH 2 CH 2 O^H 



CHPCC HjCHOJ^CH^hyD^H 
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in carpet underlay while those having a lower solids content are used principally 
for molding applications such as automobile seating and furniture. Polymer 
polyols may be used alone but are typically used in blends with other highly 
reacti ve polyols in the production of high-resilience (HR) flexible foams. The 
principal benefits derived from the use of these materials are improved 
processing — due largely to a "cell opening" effect in HR applications— and 
enhancement of modulation, which in foams is measured as load bearing. Polymer 
polyols alone or in blends with conventional polyols permit the production of a 
range of foams with medium to high load-bearing properties. BASF, Dow, 
Lyondell Chemical and Olin are the primary producers of polymer polyols in the 
United States. 




Polyurea Polyols 

Another technically important group of modified polyols based on propylene 
oxide are the polyurea polyols, also known as PHD polyethers. Polyurea polyols 
are produced by the in-situ polyaddition reaction of isocyanates with amines in a 
base polyol. The isocyanate reacts more quickly with amines than polyols. 
Consequently, the isocyanate preferentially reacts with the amine (e.g., hydrazine) 
to form a urea group; the polyol functions only as a dispersion medium. The 
concentration of solids is limited by the viscosity of the product. However, 
polyurea solids content of 20-40% can usually be achieved. Polyurea polyols are 
used in blends with other highly reactive polyols in the production of HR foams 
and for reaction injection-molded (RIM) applications. Bayer is a producer of 
polyurea polyols in the United States. 

POLYOLS BASED ON TETRAHYDROFURAN 

Polytetramethylene ether glycol (PTMEG) of 650-2,000 molecular weight is 
prepared by the Lewis acid catalyzed polymerization of tetrahydrofuran. 



Ch' 2 




^C^ Ch 2 



polytetra methylene 
tetrahydrofuran ether glycol 

molwt; 72.1 6OO-3.O0O 



PTMEG is, depending on its molecular weight, a liquid or a white waxy solid that 
melts to a clear liquid at 38°C (100 6 F). BASF Corporation, DuPont and QO 
Chemicals are the producers of PTMEG in the United States. The product is used 
in polyurethane elastomers and spandex fibers. 

ENVIRONMENTAL ISSUES 



Polyether polyols do not present an industrial hygiene problem, when used 
according to the relevant regulations. However, environmental issues are 
increasingly important in the polyurethane and polyurethane raw materials 
businesses. The industry has had to find replacements for HCFC blowing agents. 
It is now addressing the recyclability and reclaimability of used products. Some of 
the developing processes produce recovered polyols from polyurethane wastes. 
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